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Resonant photoelastic coupling in semiconductor nanostructures opens new perspectives for
strongly enhanced light-sound interaction in optomechanical resonators. One potential problem,
however, is the reduction of the cavity Q-factor induced by dissipation when the resonance is ap-
proached. We show in this letter that cavity-polariton mediation in the light-matter process over-
comes this limitation allowing for a strongly enhanced photon-phonon coupling without significant
lifetime reduction in the strongly-coupled regime. Huge optomechanical coupling factors in the
PetaHz/nm range are envisaged, three orders of magnitude larger than the backaction produced by
the mechanical displacement of the cavity mirrors.
Optomechanical resonators, that is, cavities that con-
fine light and mechanical vibrations in the same space,
strongly coupling the electromagnetic and elastic defor-
mation fields, have emerged as novel paradigms for new
fundamental ideas and applications.1–11 Optomechani-
cal non-linearities, laser cooling, and phonon lasing12,13
have been demonstrated. In addition, optomechanical
devices have been cooled down to the quantum ground
state of mechanical motion, signaling a new era of quan-
tum phononics with implications for quantum informa-
tion processing, sensitive measurements and fundamen-
tal research.14–17 Very recently hybrid systems combin-
ing cavity quantum electrodynamics (CQED) and cav-
ity optomechanics have been theoretically proposed as a
means to evidence unconventional dissipative couplings
and cooling at the single-polariton level.18,19 Here we ex-
perimentally demonstrate an additional relevant charac-
teristic of cavity polariton optomechanics, i.e., the pos-
sibility to access a hugely enhanced optomechanical cou-
pling of dispersive photoelastic resonant nature, without
significant dissipation-induced cavity Q-factor quench-
ing.
Two issues that have been identified as relevant for the
development of cavity optomechanics are, on one side, the
push for ever higher frequencies20–22 and, on the other
side, the search for new stronger optomechanical coupling
mechanisms.22–25 While micromechanical devices typi-
cally oscillate in the KHz-MHz range, GHz-THz frequen-
cies have been attained using nano-size toroids21 and dis-
tributed Bragg reflector (DBR)-based microcavities. 22
Radiation pressure is usually identified at the origin of
optomechanical coupling. Direct transfer of impulse from
the photon field to the resonator mirrors induces vibra-
tions on the latter, which in turn results in a backaction
on the electromagnetic field due to the resonator opti-
cal detuning induced by the mechanical displacement of
the mirrors. We have recently reported that GaAs DBR-
∗email:afains@cab.cnea.gov.ar
based microcavities constitute optimized optomechanical
resonators operating in the GHz-THz range, with the po-
tential of adding an additional photoelastic term to the
above described purely “mechanical” mechanism.22 The
two complementary sides of the coin in this case are elec-
trostriction (for the generation of phonons by light), and
the phonon induced modulation of the dielectric func-
tion, i.e., the so-called deformation-potential mechanism
(for the backaction of the strain field on the optical cavity
resonance). The photoelastic constant is defined through
the relation ∆= Ps. Here s is the strain associated to
the involved vibration, P is the photoelastic coefficient,
and  is the dielectric constant. While quantitative de-
terminations of photoelastic constants are only available
for few materials and only on limited laser wavelength
ranges,26–28 it is understood that under resonant condi-
tions the photoelastic mechanism in GaAs (and similar
materials) should become dominant, allowing for huge
optomechanical coupling factors (in the tens of THz/nm
range).22
An obvious potential limitation for the full use of
photoelastic resonant coupling in optomechanical res-
onators cannot be, however, overlooked. A resonant
enhancement of dispersive photoelastic coupling is al-
ways Kramers-Kronig related to dissipation. It is at
the electronic gap that the photoelastic constants res-
onate. But it is also at the gap where strong absorp-
tion sets-in. Thus, it can be expected that at the same
pace that photons and phonons increase their coupling
due to resonance, the optical cavity Q-factor should be
quenched. Indeed this is critical for bulk-GaAs cavities,
as is schematically illustrated in Fig. 1. Here we show
together the photoleastic constant of GaAs, and the op-
tical Q-factor of a bulk-GaAs λ/2 microcavity close to
resonance with the fundamental E0 gap. Symbols in the
photoelastic constant correspond to data derived from
piezo-biregringence experiments,26 and the dotted curve
is a schematic behavior derived from recent predictions
based on Brillouin scattering data.27,28 The solid sym-
bols in the Q-factor correspond to measured values, while
open symbols are extrapolated assuming no additional
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FIG. 1: Right scale: Photoelastic constant as a function of the
detuning between the laser energy and the E0 gap of GaAs
(from Refs.26,28). Left scale: optical cavity Q-factor for a λ/2
GaAs resonator. See text for details.
mode-broadening in the transparency region of GaAs.
Note that due to the
√
(E − E0) dependence on energy E
of the electron-hole joint density of states in bulk, added
to the unavoidable presence of defect and phonon induced
absorption below the gap in these materials, absorptions
are broad. In bulk GaAs and at room temperature ex-
citons are not stable and photons absorbed through the
creation of electron-hole pairs are irreversibly lost from
the electromagnetic field, resulting in the observed strong
reduction of cavity Q-factor as dissipation sets-in. Fig. 1
highlights the fact that there is an enormous potential to
exploit photoelastic coupling in resonant materials in the
domain of cavity optomechanics, but that in order to do
that dissipative Q-factor quenching needs to be avoided.
Excitons in quantum wells (QWs) could be envisaged
as an alternative to circunvent the above limitation be-
cause in an absorption process the broad continuum of
electron-hole pairs is replaced by a one-to-one correspon-
dence. Excitons define the optical properties of QWs be-
cause of the larger binding energy and oscillator strength
induced by confinement.29 However, in real samples ab-
sorption can be broad and lossy anyway due to rough-
ness and inhomogenoeus broadening (layer thickness fluc-
tuations). This leads for microcavities with embedded
collections of QWs in the “weak coupling regime” to a
general behavior similar to the one displayed in Fig. 1.
As we argue here, the situation is qualitatively modified
when we consider the “strong coupling regime”.30–32 The
strong coupling limit, as oposed to the weak coupling one,
is defined as the regime where the exciton-cavity field in-
teraction evolves faster than the decay rate due to photon
cavity or exciton losses.
Cavity-polaritons, the quasi-particles that define the
strong coupling regime, provide the solution to the posed
problem essentialy for the following reasons. Firstly,
the presence of coupled photon-exciton states allow for
extended lifetimes because the dressed states bounce
back and forth from exciton to photonic character be-
fore the excitation can dephase through the more dissipa-
tive channel.33 Secondly, polariton mixing leads to much
smaller masses, and consequently quantum mechanical
effects cause spatial averaging over the disorder poten-
tial and hence motional narrowing of the spectral lines.34
And thirdly and most important, inhomogenous broad-
ening becomes irrelevant in the strong coupling regime.
In fact a single linear combination of the set of exciton
states couples to the electromagnetic field, and is red-
shifted into the transparency region of the material. The
remaining N − 1 remain as uncoupled optically “dark”
states.35,36 The consequence is that polariton states are
characterized by the homogeneous broadening, which in
high quality samples can result in Q-factors in the 104
range.
We will evaluate the optomechanical coupling of a res-
onator by studying the efficiency for the optical gen-
eration of hypersound under polariton excitation in
an optical microcavity.37 This efficiency is manifested
as the Raman cross section for scattering by acoustic
phonons.38 The sample is a planar microcavity based
on GaAs and AlAs materials, with Al0.3Ga0.7As/AlAs
(61.17/71.21 nm) DBRs, 20 pairs in the bottom, 16 pairs
on top. To simplify the Raman experiments the fre-
quency of the mechanical vibrations has been pushed up
from the 20 GHz of the basic optomechanical mode of
the microcavity as a whole,22 to 250 GHz by replacing
the bulk GaAs spacer of the optical microcavity by an
acoustic multilayer.39,42 The latter mostly consists of a
32 period GaAs/AlAs (14.16/5.81 nm) multiple quantum
well (MQW). The experiments reported here have been
performed in strong resonance with the GaAs exciton of
these MQW at 1.53 eV. The optical microcavity has a
thickness gradient that allows for the tuning of the cav-
ity mode in the vicinity of this energy.
Fig. 2(top) shows with solid symbols the measured po-
lariton energies as a function of cavity-E1H1 exciton de-
tuning δH ,
38 together with a simultaneous fit of all three
polariton branches, using a three coupled state model
which leads to eigenstates of the form:30–32
|P 〉 = APcav(δH) |CAV 〉+APH(δH) |E1H1〉+APL (δH) |E1L1〉 .
(1)
The coupling of the exciton states (E1H1 and E1L1) de-
rived from heavy (H) and light (L) holes and the optical
cavity mode leads to a three-mode behavior. The coef-
ficients SPcav =
∣∣APcav∣∣2, SPH = ∣∣APH ∣∣2, and SPL = ∣∣APL ∣∣2
obtained from the fit (and shown in Fig. 2(bottom) for
the lower and middle polaritons) describe the strength
of the cavity and excitonic states, respectively, on the
dressed polariton states. P stands in general for LP, MP
and UP, indicating the lower, middle, and upper polari-
ton branches, respectively.
Fig. 3 summarizes the main results of this paper. Ex-
perimental Raman intensities as a function of δH are dis-
played as color maps for a double resonant configuration
with the laser and collected photons tuned along each
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FIG. 2: Top panel: Polariton energies (solid symbols) and
fitted dispersion (continuous curves) as a function of cavity-
E1H1 detuning (δH). LP, MP and UP indicate the lower,
middle, and upper polariton branches, respectively. ΩH ≈
9.1 meV and ΩL ≈ 5.9 meV are the heavy and light-hole
Raby splitings, respectively, derived from the fit. The uncou-
pled states (E1H1, E1L1, and cavity mode) are indicated with
dotted curves as a reference. The grey background marks the
continuum of e-h excitations. Bottom panels: Photonic and
excitonic strength as a function of cavity-E1H1 detuning, for
the LP and MP polariton branches, derived from the fit shown
in the top panel.
of the three polariton branches. Double resonances are
attained using angle tuning.40,41. Experiments were per-
formed at 80 K in cuasi-double resonance, with light col-
lected normal to the sample, and the laser incident with
≈ 5o. The detuning is varied by shifting the spot position
on the sample and adjusting the laser energy to the corre-
sponding local cavity energy. Typical Raman spectra are
shown at the left panels for the maximum intensity (in-
tegrated over the full Raman spectra) measured on each
polariton branch, labeled with a vertical arrow in the
corresponding map. FS and BS identify folded acoustic
modes with energies around 8 cm−1 (or 250GHz) that are
normally seen in Raman experiments using forward and
back-scattering configurations, respectively. Both types
of modes are simultaneously observed in microcavities
due to the standing wave character of the confined elec-
tromagnetic field.40,42 As evidenced from these data, the
larger intensity of the Raman peaks concentrates close
to the branch’s anticrossing, that is, when polaritons dis-
play similar excitonic and photonic character.
To proceed further in a more quantitative description
of the experimental observations we present next the so
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FIG. 3: Experimental Raman intensity maps as a function of
cavity-E1H1 detuning δH , for the three polariton branches.
The color scale is logaritmic, with red the most intense Ra-
man cross section. The top panel shows the calculated po-
lariton dispersion relation. Open stars indicate the expected
condition for maximum Raman efficiency, without account of
lifetime effects. Left panels present the Raman spectra ob-
tained at the maximum for each polariton branch, labeled
with a vertical arrow in the corresponding map (maximum of
the integrated intensity including the full Raman spectra). FS
and BS identify modes that are normally seen using forward
and back-scattering configurations, respectively.40,42
called “factorization model” of Raman scattering medi-
ated by polaritons.38 Using Fermi’s Golden Rule one can
obtain:37,43–46
IR(Es) ∝ Ti τi |〈Pi|HEF (ωph) |Ps〉|2 Ts ρs δ(Ei−h¯ωph−Es).
(2)
Here |Pi〉 and |Ps〉 are the initial and final polariton
states, with energies Ei and Es, respectively. The life-
time of the initial state is τi, while ρs represents the fi-
nal density of states. The scattering process can be de-
scribed as follows: a photon of energy Ei impinges on
the material’s surface and is converted into a polariton
Pi with probability Ti. Before dephasing by relaxation
processes ocurring in a typical time τi, the polariton Pi
4interacts with the ion cores through the electron-phonon
coupling Hamiltonian HEF (photoelastic coupling), cre-
ating or anhilating an acoustic phonon of energy h¯ωph.
Finally, the scattered polariton Ps resulting from this in-
teraction leaves the system with a probability Ts of con-
verting into a photon of energy Es at the sample surface.
Let us now discuss this general expression in the spe-
cific case of intra-branch lower polariton scattering. Eq. 2
can be expressed in a simpler form using the previously
defined photon and exciton strengths:38
ILPR ∝ SLPcav
2
(
SLPH
2
+ α2LS
LP
L
2
)
Γ−2LP . (3)
In this expression we have used TLP ∝ SLPcav. The prob-
ability for an external photon to couple with a polari-
ton is proportional to the photon strength of the lat-
ter. ΓLP = τ
−1
LP is the homogenous spectral width
of the involved polariton state. Assigning a lorentzian
spectral weight of width ΓLP to the polariton state,
given by its lifetime, at resonance ρLP is proportional
to Γ−1LP . The polariton lifetime depends on the life-
time of its components by ΓLP = ΓcavS
LP
cav + ΓHS
LP
H +
ΓLS
LP
L , with Γcav, ΓH and ΓL the homogenoeus spectral
widths of the cavity mode, and the two involved exci-
ton states, respectively. To derive Eq. 3 the electron-
phonon Hamiltonian matrix element has been expressed
as38 |〈LP |HEF |LP 〉|2 ∝ SLPH
2
+ α2LS
LP
L
2
with αL =
〈E1L1 |HEF |E1L1〉 / 〈E1H1 |HEF |E1H1〉. Polaritons in-
deed interact with the lattice by the deformation poten-
tial interaction (characterized by the photoelastic con-
stant) only through their exciton component. αL is de-
termined by the quantum-well exciton wavefunction en-
velope. Since we are considering here the fundamental
quantum-confined state it should be of the order of 1. It
is in Eq. 3 that the two central concepts of this work are
captured: firstly, the quadratic dependence on SX ex-
presses the strong double-resonant photoelastic interac-
tion, and secondly a smoothly behaved and narrow ΓLP
reflects the fact that the LP mode’s linewidth (i.e., its Q-
factor) is determined by the homogenous broadening of
cavity and exciton modes, and is not significantly altered
by losses (e.g., as would appear due to the continuum
of e-h excitations). As we will show below, dissipation
does indeed determine the polariton mediated optome-
chanic processes when the higher energy polaritons are
involved.
Similar equations can be derived for the other two po-
lariton branches. Eq. 3 represents a double resonant scat-
tering process, which requires a balance between the pho-
tonic and excitonic strengths of the participating polari-
tons in order to be maximized. If the photon compo-
nent dominates, light will couple efficiently with the ma-
terial polaritons, but the latter will couple poorly with
the lattice. The reverse also holds, i.e., a large exciton
strength of the polariton assures a strong interaction with
phonons, but a poor coupling efficieny with the outside
world. The optimimum hence should occur when exci-
ton and photon strengths are similar, that is, close to
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FIG. 4: Bottom panels: total Raman integrated intensity as
a function of cavity-E1H1 detuning for the lower (left panel)
and middle (right panel) polariton branches. Full red curves
are obtained using Eq. 3. For the LP, the dashed curve corre-
sponds to the calculation without inclusion of lifetime effects.
Note the logarithmic scale. Top panels: corresponding cav-
ity polariton mode Q-factor for each branch derived from the
fit of the Raman intensities. Solid circles are independent
experimental values estimated from the photoluminescence
linewidths. Grey regions indicate the continuum of e-h exci-
tations. The dashed-dotted curves in both MP panels are the
Raman efficiency and the derived Q-factor calculated using
Eq. 3 without inclusion of the dissipative channel related to
the continuum of interband e-h transitions.
zero cavity-exciton detuning (see Fig. 2). Coming back
to Fig. 3, we show in the top panel the calculated po-
lariton dispersion relationship. Open stars indicate the
expected condition for maximum Raman efficiency fol-
lowing the above simplified discussion.That is, maximum
efficiency for exciton and photonic strengths perfectly
balanced. The maxima of the Raman efficiencies for all
three branches fall close to these values, but somewhat
shifted towards detunings corresponding to larger exci-
tonic character on each branch. This effect derives from
lifetime effects in Eq. 3, as we discuss next.
In Fig. 4 we present with solid symbols the Raman
intensity (integrated over the full Raman spectra) as a
function of δH measured for the lower (left) and mid-
dle (right panel) polariton branches. Let’s first address
the LP case. The dashed curve corresponds to a sim-
pler form of Eq. 3 IR ∝ SicavSiXSsXSscav, i.e., without
inclusion of lifetime effects. Besides a rigid red-shift of
the curve respect to the experiment, it is quite notable
the resemblance, particularly when the only adjustable
parameter in this calculation is the maximum intensity.
The blue-shift of the data with respect to the calculation
is clearly indicative of lifetime effects. In fact, according
to Eq. 3 the resonance scan maxima should shift either
towards more photonic or excitonic character, depending
on whether the cavity confined photon or the exciton, re-
spectively, have a longer lifetime. The continuous curve
in Fig.4 (bottom left) corresponds to the full calculation
using Eq. 3. Here we have used the measured linewidth
of the cavity mode obtained in the pure photonic regime
5(Γcav ∼ 3.3 meV, i.e., a cavity Q-factor ∼ 450), corre-
sponding to a lifetime τcav ∼ 0.2 ps. The only fitting pa-
rameters are the maximum Raman intensity, and the ra-
tio Γcav/ΓH . The E1H1-exciton lifetime that is obtained
from the fit is ∼ 1.8 ps (corresponding to ΓH ∼ 0.4 meV
homogeneous linewidth, as compared to ∼ 1.1 meV in-
homogenous broadening measured at very negative de-
tunings), which is reasonable for a GaAs MQW at 80 K.
The agreement is remarcable. The Q-factor derived from
the fit of the Raman intensity using the polariton model
is shown with a full line on the top panel in Fig.4 (left).
As an additional test for the model, an estimation of the
cavity polariton mode Q-factor obtained from the mea-
sured photoluminescence linewidths is shown with full
circles. Note the contrast with the situation depicted in
Fig. 1 for bulk-GaAs. For the strongly coupled cavity
structure studied here, with Γcav > ΓH , the Q-factor in-
creases on resonance. These results highlight the main
conclusions of this paper, i.e., the presence of a strong
double-resonant photoelastic coupling, and the lack of a
detrimental influence of the exciton lifetime on the effec-
tive polariton Q-factor.
On closing we center our attention on the resonant be-
havior on the middle polariton, shown on the right panels
of Fig. 4. The dashed-dotted curves correspond to the
model using the same fitting parameters as for the LP,
taking ΓL = ΓH . Note the calculated double maxima,
which is due to the separate almost optimum balance of
Scav with either SH or SL. The abrupt decay of the mea-
sured Raman intensity around δH = 10 meV results from
the onset of dissipation as the polariton branch overlaps
with the continuum of single-particle e-h excitations (in-
dicated with grey background in Figs. 2 and 4), not taken
into account by the model. The continuous curve is also
obtained using the full calculation based on Eq. 3, but
with such additional interband dissipative mechanism af-
fecting ΓMP . A good description of the experiment is
obtained adding ad-hoc to ΓMP a smooth function de-
fined by a step-function of gaussian profile with typical
width ∼ 0.5 meV, approaching zero at large negative de-
tunings, and a constant value ∼ 1.2 meV for energies
larger than the ionization edge (exciton binding energy
∼ 6.5 meV). The MP Q-factor, shown on the top-right
panel, strongly drops on the onset of the continuum of
e-h excitations (highlighted with the grey shading in the
figure). This behavior is conceptually similar to that dis-
played by the Q-factor of the bulk-GaAs microcavity in
Fig. 1.
The magnitude of the light-sound interaction can be
quantified by the optomechanical coupling factor gom =
dω/du which describes the variation of the cavity mode
angular frequency ω with the mechanical displacement
u.21 ΩR = gomx0 is also used as a measure of the op-
tomechanical coupling. Here x0 =
√
h¯/2meffΩ0 is the
zero-point motion of the mechanical oscillator, and meff
its effective motional mass. The optomechanical cou-
pling factor in DBR-based GaAs microcavities has been
recently calculated to be gphom = 83 THz/nm using a
value P = 200 for the photoelastic constant.22 Based
on the results reported here, assuming that a fully reso-
nant photoelastic coupling can be attained in the strong
coupling regime (photoelastic constants in the 5 × 103
range, see Fig. 1), we thus estimate enormous optome-
chanical coupling factors gom in the PetaHz/nm range
(PetaHz=1015Hz) in polariton optomechanics. Consid-
ering a micropillar λ/2 cavity of 1 µm radii, for the
Ω0 = 20 GHz mode meff ∼ 8 pg, and thus ΩR ∼ 109 Hz
(i.e., in the ∼ GHz range). We note that other cav-
ity optomechanical realizations typically have gom in the
sub-GHz/nm range, and ΩR in the hundreds of kHz.
In conclusion, we have highlighted the problem possed
by dissipation to fully exploit the strong resonant dissper-
sive photoelastic mechanism in cavity optomechanics: in
principle at the same rythm that the coupling increases,
the cavity Q-factor should be destroyed. However, while
this is strictly true for bulk-cavities (absorption due to
the e-h continuum is equivalent to irreversible loss), and
also for MQW embedded structures in the weak-coupling
regime (roughness and inhomogeneous broadening play
essentially the same role as the continuum in bulk), it
is not the case when cavity polariton optomechanics is
considered (strong coupling regime). Optomechanical
phenomena of a dynamical nature arise when the decay
time of the photons inside the cavity is comparable to
or longer than the mechanical oscillator period. For the
high frequencies of the optomechanical modes in DBR-
based semiconductor microcavities (> 20 GHz), and the
attainable cavity Q-factors (readily above 104) it thus
follows that new promissing perspectives that combine
the worlds of cavity optomechanics with CQED in the
presence of ultra-strong optomechanical coupling can be
envisaged.
1 O. Arcizet, P. -F. Cohadon, T. Briant, M. Pinard, and A.
Heidmann, Nature 444, 71 (2006).
2 T. J. Kippenberg, and K., J. Vahala, Science 321, 1172
(2008).
3 J. D. Thompson, B. M. Zwickl, A. M. Jayich, F. Mar-
quardt, S. M. Girvin, and J. G. E. Harris, Nature 452, 72
(2008).
4 M. Eichenfield, J. Chan., R. M. Camacho, K. J. Vahala,
and O. Painter, Nature 462, 78 (2009).
5 M. S. Kang, A. Nazarkin, A. Brenn, and P. St. J. Russell,
Nature Physics 5, 276 (2009).
6 I. Favero and K. Karrai, Nat. Photonics 3, 201 (2009).
7 F. Marquardt and S. M. Girvin, Physics 2, 40 (2009).
8 S. Groeblacher, K. Hammerer, M. R. Vanner, and M. As-
pelmeyer, Nature 460, 724 (2009).
9 A. Schliesser, O. Arcizet, R. Riviere, T.J. Kippenberg, Na-
ture Physics 5, 509 (2009).
10 S. Weis, R. Riviere, S. Deleglise, O. Arcizet, E. Gavartin,
6A. Schliesser, T.J Kippenberg, Optomechanically Induced
Transparency, Science 330, 1520 (2010).
11 Q. Lin, J. Rosenberg, D. Chang, R. Camacho, M. Eichen-
field, K. J. Vahala, and O. Painter, Nature Photonics 4,
236 (2010).
12 C. Zhao, L. Ju, H. Miao, S. Gras, Y. Fan, and D. G. Blair,
Phys. Rev. Lett. 102, 243902 (2009).
13 I. S. Grudinin, H. Lee, O. Painter, and K. J. Vahala, Phys.
Rev. Lett. 104, 083901 (2010).
14 A. D. OConnell, et al., Nature 464, 697 (2010).
15 J. D. Teufel, et al., Nature 475, 359 (2011).
16 J. Chan, et al., Nature 478, 89 (2011).
17 E. Verhagen, S. Deleglise, S. Weis, A. Schliesser, and T. J.
Kippenberg, Nature 482, 63 (2012).
18 J. Restrepo, C. Ciuti, and I. Favero, Phys. Rev. Lett. 112,
013601 (2014).
19 O. Kyriienko, T. C. H. Liew, and I. A. Shelykh, Phys. Rev.
Lett. 112, 076402 (2014).
20 M. Tomes, and T. Carmon, Phys. Rev. Lett., 102, 113601
(2009).
21 L. Ding, C. Baker, P. Senellart, A. Lemaitre, S. Ducci, G.
Leo, and I. Favero, Phys. Rev. Lett. 105, 263903 (2010).
22 A. Fainstein, N. D. Lanzillotti-Kimura, B. Jusserand, and
B. Perrin, Phys. Rev. Lett. 110, 037403 (2013).
23 F. Marquardt, J. P. Chen, A. A. Clerk, and S. M. Girvin,
Phys. Rev. Lett. 99, 093902 (2007)
24 G. S. Agarwal and S. Huang, Phys. Rev. A 81, 041803
(2010).
25 S. Groeblacher, K. Hammerer, M. R. Vanner, and M. As-
pelmeyer, Nature (London) 460, 724 (2009).
26 A. Feldman and D. Horowitz, J. Applied Phys. 39, 5597
(1968)
27 B. Jusserand, A. Fainstein, R. Ferreira, S. Majrab, and A.
Lemaˆıtre, Phys. Rev. B 85, R041302 (2012)
28 N. D. Lanzillotti-Kimura, A. Fainstein, and B. Jusserand,
to be published.
29 Massimo Gurioli, Juan Martinez-Pastor, Marcello Colocci,
Antonio Bosacchi, Secondo Franchi, and Lucio Claudio
Andreani, Phys. Rev. B 47, 15755 (1993).
30 A. Kavokin and G. Malpuech, Cavity Polaritons (Elsevier,
Amsterdam, 2003).
31 Semicond. Sci. Technol. 18, S279 (2003), special issue on
microcavities, edited by J. J. Baumberg and L. Vin˜a.
32 R. Houdre, R. P. Stanely, U. Oesterle, M. Ilegems, and C.
Weisbuch, Phys. Rev. B 49, 16761 (1994).
33 B. Sermage, S. Long, I. Abram, J. Y. Marzin, J. Bloch,
R. Planel, and V. Thierry-Mieg, Phys. Rev. B 53, 16516
(1996).
34 D. M. Whittaker, P. Kinsler, T. A. Fisher, M. S. Skol-
nick, A. Armitage, A. M. Afshar, M. D. Sturge, and J. S.
Roberts, Phys. Rev. Lett. 77, 4792 (1996).
35 R. Houdre, R. P. Stanely, and M. Ilegems, Phys. Rev. A
53, 2711 (1996).
36 G. Bongiovanni, A. Mura, F. Quochi, S. Gurtler, J. L.
Staehli, F. Tassone, R. P. Stanley, U. Oesterle, and R.
Houdre, Phys. Rev. B 55, 7084 (1997).
37 A. Fainstein, B. Jusserand, and V. Thierry-Mieg, Phys.
Rev. Lett. 78, 1576 (1997).
38 See the supplementary material for more information on
the connection between optomechanical coupling and Ra-
man scattering, on the sample structure and luminescence,
and on the factorization model of polariton mediated Ra-
man scattering applied to the discussed problem.
39 M. Trigo, A. Bruchhausen, A. Fainstein, B. Jusserand, and
V. Thierry-Mieg, Phys. Rev. Lett. 89, 227402 (2002).
40 A. Fainstein, B. Jusserand, and V. Thierry-Mieg, Phys.
Rev. Lett. 75, 3764 (1995).
41 A. Fainstein and B. Jusserand, Phys. Rev. B 57, 2402
(1998).
42 G. Rozas, M. F. Pascual Winter, B. Jusserand, A.
Fainstein, B. Perrin, E. Semenova, and A. Lemaˆıtre, Phys.
Rev. Lett. 102, 015502 (2009).
43 B. Bendow and J. L. Birman, Phys. Rev. B 1, 1678 (1970);
B. Bendow, ibid 2, 5051 (1970). See also B. Bendow, “Po-
lariton Theory of Resonance Raman Scattering in Solids”,
in Springer Tracts in Modern Physics (Spinger, Berlin,
1978), Vol. 82.
44 M. Matsushita, J. Wicksted, and H. Z. Cummins, Phys.
Rev. B 29, 3362 (1984); M. Matsushita and M. Nakayama,
ibid 30, 2074 (1984).
45 C. Weisbuch and R. G. Ulbrich, in Light Scattering in
Solids III, edited by M. Cardona and G. Gu¨ntherodt
(Springer, Berlin, 1989).
46 A. Bruchhausen, L. M. Leo´n Hilario, A. A. Aligia, A. M.
Lobos, A. Fainstein, B. Jusserand, R. Andre´, Phys. Rev.
B 78, 125326 (2008).
